Introduction
This report on the forest resources of the three main islands of the Commonwealth of the Northern Mariana Islands (CNMI) ( fig. 1 ) was based on a cooperative forest The FIA partnership yeilded a systematic, sample-based field inventory on the CNMI in conjunction with support for updating prior vegetation mapping work (Falanruw et al. 1989 ) to estimate land cover and forest-type area. We include new information on species composition, tree size distribution, stem volume, biomass, carbon mass, and damages for living and dead trees. The inventory was designed to provide resource managers with a broad overview of the current situation so they can better manage their forested and nonforested lands, and manage or mitigate any changes in the resource. The summarization of the field data is intended to help managers plan sustainable land use practices as well as plan sustainable supplies of wood, control invasive species and erosion, manage disturbances such as fire, and to track and mitigate damage from animals.
Objectives
The objectivs of this inventory are to:
• Estimate the current area of forest land by forest-type group and stand size class.
• Estimate the volume, biomass, and carbon storage for tree species by diameter class.
• Estimate the numbers of trees affected by damaging agents, such as insects and diseases, and estimate the numbers of dead trees.
• Share measurement and analysis techniques among groups involved in the inventory. The nine northern islands are geologically younger than the five southern islands (Fosberg 1960) . The vegetation of the northern islands has been disturbed by volcanic activity, browsing by goats, and typhoon damage. A mixture of forest types and abundant sword grass (Miscanthus floridulus (Labill.) Warb. ex K.
Schum. & Lauterb.) were described in a detailed survey by Ohba (1994) . Currently the northern islands host little to no human settlement owing to relocation of locals, disturbance risk, isolation, and the harsh environment.
The three older, southern islands of Rota, Tinian, and Saipan have developed deep soils where the underlying volcanic parent materials have been exposed and weathered. Limestone areas tend to have shallow, highly weathered soils. Owing to relatively rapid water infiltration and consequently limited stream development, the limestone landscapes are characterized by plateaus and a series of steep escarpments (Young 1989) ( fig. 2 ). Although deep, soil developed on volcanic parent materials have very low fertility, most of which resides in the topsoil. The abundance of calcium in the limestone and coral sand on these landscapes creates soils that are inherently more fertile than soils on volcanic landscapes. The CNMI is located in a typhoon belt and often experiences major typhoons annually to semiannually. The typhoons are characterized by heavy rainfall, strong winds, and coastal surges that inundate low-lying areas. Changes in sea level and the frequency of coastal surges have become an immediate concern for Pacific Island inhabitants.
Vegetation Types
The native composition and structure of vegetation on Rota, Tinian, and Saipan mostly has been replaced over a long history of agroforestry, agricultural practices, and disturbances including typhoon, nonnative plants and animals, and World War II. What currently exists is a mixture of native and nonnative species, primarily of smaller tree size classes, with intact remnants of native limestone and ravine forest. Joseph Donnegan
The vegetation types described below use the mapping work of Liu and Fischer (2007) as the basis for classification with the species composition derived by overlaying the 2004 forest inventory plot data onto the mapped types. We purposely avoid the terms "primary" and "secondary" forest for this most recent mapping and summary; these terms suggest a dichotomy between disturbed and undisturbed forest when in reality, the majority of the forests on Rota, Tinian, and Saipan have been disturbed by humans continuously over several thousand years. Additionally, that terminology is somewhat arbitrary because of an unknown history of land use and the uncertainty surrounding the time required to recover from secondary back to an undocumented primary forest.
Native limestone forest-
Where limestone has not been cleared by humans recently, dense forest tends to develop. Owing to the widespread disturbance across the three southern islands, the label "native limestone forest" cannot be equated with intact, undisturbed forest.
Instead, this type refers to forest occuring on limestone substrates where higher numbers of native species are found. Listed in descending abundance (as is the case for all forest types except ravine forest in this section) the following species were found on forest inventory plots within native limestone forest: Citrus hys- As typified for the region, savanna areas are regularly ignited by arsonists, killing tree seedlings, burning into forested areas, and leaving soils barren for increased erosion and mass soil movement. Foresters on Rota currently are planting native species on the steep slopes with barren soils throughout the ravine badlands in an effort to reforest and stabilize these soils (fig. 4) 
Savanna complex-
The dominant tree species distributed within the savanna complex were Morinda citrifolia, Leucaena leucocephala, and Neisosperma oppositifolia. Dominant grasses include Miscanthus floridulus, and Pennisetum spp.
Urban and built-up areas-
Urban areas were dominated by Albizia lebbeck, and Leucaena leucocephala.
Casuarina thicket-
Casuarina equisetifolia forms monospecific stands in this type.
Inventory Methods
The CNMI inventory was based on the FIA inventory design that was implemented across the mainland United States beginning in 2000. We adapted the national design to include additional branching and rooting forms ( fig. 5 ), additional tree crown measurements, and special-interest species ranging from invasive plants to 
Analysis Methods
The FIA estimates derived for forest land are based on a system that uses aerial photography or satellite imagery to define different types of land (strata) across the landscape. The simplest stratification is separating land into forest and nonforest strata. However, stratifications can be assisted or refined by using ancillary data such as topography, soil information, life zone or climatically based information, and prior inventories of vegetation groups. Because boundaries and research questions often change through time, FIA generally chooses to post-stratify the plot sample by using a consistent spatial distribution of plots across forested landscapes.
The CNMI stratification for estimating numbers of trees, volume, biomass, and carbon was conducted via a classification of 2003 IKONOS satellite data. The initial land cover classification divided the landscape into forest, urban, nonforest vegetation, barren, and water land types. At least 10 percent tree cover was used as the basis for the forest-land classification, and includes both agroforests and mangrove forests. Nonforest vegetation includes other vegetation types with less than 10 percent tree cover. A geographic information system was used to sum acreage for each type. The acreage each field plot represents was derived by dividing the total acreage of forest by the number of field plots. Adjustments were made for plots that could not be visited owing to hazardous conditions or denial of access. Average stand size (mean diameters of trees) was expanded from the plots to the landscape level by using the same expansion factors.
Wood volume was estimated for individual trees by approximating the centroid method (Wood et al. 1990 , Yavuz 1999) using tree height and two stem diameter measurements. These measurements are expanded to tree-level volume estimates by using equations for sections of a cone. Both gross stem volume and net stem volume estimates were calculated. Net stem volume subtracts damage and rotten defects from gross stem volume. Biomass for individual tree stems was estimated by using the specific gravity for known species (7 out of 57 species on the CNMI had known specific gravities). For species where specific gravity was not known, an average specific gravity of 0.5 gram per cubic centimeter was used. These estimates of aboveground tree biomass are derived from bole volume and include only biomass for the main stem, excluding branches, roots, and foliage.
Traditional site productivity estimates require forest stand age, derived from the annual rings of forest trees. Because tropical trees do not produce consistent annual rings, a modified topographic relative moisture index (TRMI) (Parker 1982) was examined as a proxy for site productivity. The TRMI used a weighted, additive combination of slope steepness, slope shape, and slope position to assess the potential moisture retention in a forested stand. Remeasurement data from these plots at the next inventory cycle will provide a better estimate of productivity than TRMI. In very wet environments, TRMI may be best considered a droughtresilience proxy, predicting where soil and water accumulates, owing to topography, across a landscape. We also recognize moisture is not likely to be the only factor limiting tree growth and that a prolonged excess of moisture can be detrimental to the growth of many tree species. In highly porous limestone-derived soils and karst topography, drainage may occur very rapidly, making substrate water retention a limiting factor in plant growth. 
Reliability of FIA Data
The area of forested land cover types classified from the IKONOS and QuickBird satellite imagery was assumed to be accurate and used as the basis for the expansion of the numbers of trees, tree volume, and tree biomass from the plot to the forest-type scale. Possible sources of error not accounted for in our estimates include errors in the land cover map owing to incorrect interpretation of the image, errors from rounding when working with pixel-based imagery, and measurement errors on field plots. Standard errors for the expansion of our estimates from field plots to the forested landscape were calculated according to the proportion of area occupied by forest. Forest areas were treated as known rather than estimated, and variance was calculated by using methods in Cochran (1977) . Using one standard error as our basis for evaluation gives a 68 percent chance that the true total gross tree stem volume for trees >5 inches in diameter on the CNMI lies between 26.5 and 43.3 million cubic feet. There is a 68-percent chance that the true number of trees (>1 inch diameter) on the CNMI lies within the range of 75.8 to 103.7 million.
Readers are cautioned to examine the standard errors associated with species-level estimates for the number of individuals and volume by tree species in table 1.
Resource Highlights

Land Cover
The CNMI is currently about 67 percent forested, which includes agroforest and Leucaena forest that had been classificed as secondary forest in the prior inventory 
Productivity and Drought Resilience
Site productivity estimates are difficult to obtain in tropical environments because of a lack of consistent annual tree rings. The standard premise for site productivity hinges on determining how height or diameter changes with respect to tree age under particular site conditions; depending on site quality, a given tree species is expected to grow to a certain diameter or height given a certain age. Remeasurement of individual trees at the next inventory cycle will provide better estimates In a region of moderately high precipitation, such as the CNMI, the TRMI estimate of productivity may be much less reliable than productivity estimates based on detailed soil mapping. For example, differences among forest and savanna soils are dramatic with respect to soil organic matter, cation exchange capacity, and potential aluminum toxicity for plant growth. In volcanic landscapes, a succession of soil Figure 8 -A topographic relative moisture index was used to predict drought resilience in the perhumid climate of the Commonwealth of the Northern Mariana Islands. Owing to the series of plateaus and escarpments that characterize Rota, Tinian, and Saipan, the degree of drought resilience estimated is higher than would be expected for porous limestone soils and karst topography.
degradation can occur from forest soils to savanna and badland soils through processes of land clearing, repeated burning, and subsequent erosion and leaching of topsoil nutrients (e.g., see Smith and Babik 1988) . Aluminum toxicity to plants may be an issue in the limited extent of volcanic soils on the CNMI, but it is not a problem on limestone-derived soils where the soil pH is high enough to prevent aluminum from becoming soluble.
Forest Structure
For this inventory, we estimated stand size class on forested field plots to capture the predominant diameter of live trees in forest stands. In the CNMI, the dominant size class tends to be small, in the less-than-5-inch diameter category ( fig. 9, table 3). About 45 percent of acreage in the CNMI is made up of stands in the 5-to 10.9-inch category, and only about 2 percent of acreage is dominated by larger trees in the 11-to 19.9-inch category. No plots were sampled that included stands in the largest diameter category of 20 inches and greater.
Forest stands on the CNMI are dominated by small-diameter trees ( fig. 10 ).
This "reverse-J" distribution of tree diameter is typical where regeneration is abundant, especially following frequent disturbance. Through time, many small trees die before they grow into the larger diameter classes. For trees at least 5 inches in diameter, tree heights are predominantly in the 20-to 29-foot height classes ( fig. 11 ). The tallest tree on an FIA plot, an Albizia lebbeck, measured 12.6 inches in diameter Figure 9 -The stands that characterize the Commonwealth of the Northern Mariana Islands' forests tend to be somewhat small, primarily in the less than 11-inch diameter category. 
Number of Canopy and Understory Species
In addition to counting and measuring overstory trees, understory vegetation cover and layer heights were estimated for shrubs, forbs, vines, and grasses on FIA subplots where a species occupied at least 3 percent cover on that subplot (table 8) .
Tree seedlings that are less than or equal to 1 inch in diameter are also estimated Figure 12 -As with numbers of trees, gross volume of wood tends to be concentrated in the smaller diameter classes. However, some larger diameter trees contribute to the volume in those size classes. 11,693,701 5,198,035 3,251,615 3,177,655 3,214,576 1,230,535 757,320 1,361,637 1,143,670 844,086 3,055,016 34,927,848 Figure 13-Biomass is also concentrated in the smaller size classes. a Percentage cover of "1" indicates cover less than or equal to 1 percent. Cover estimates are averaged among subplots where each species was found. A total of 138 subplots were surveyed for vegetation cover. The number of subplots where a species was found and the standard deviation for cover estimates provide an idea of spatial variability for each species across the island group.
as understory vegetation cover (table 9) . Special interest species (e.g., rare, endangered, medicinal, or invasive) identified by island foresters were also noted when found. However, if a species covered less than 3 percent of a subplot and was not listed as special interest, it was not enumerated.
For the 2004 inventory, 57 tree species and 107 understory species were measured on FIA plots. On a per-plot basis (approximately one-sixth acre), the mean number of tree species found was five ( fig. 14) .
Tree Damage and Mortality
We estimated about 32 percent of the individual trees on the CNMI show some sign of damage (table 10) 
Epiphytes
In the moist environment of the tropics, many plant species are found growing on longer lived trees. These epiphytes use the trees primarily for support, but they also use space, moisture, and nutrients that might otherwise be used by the tree. When the epiphytes accumulate over many years, their weight can be excessive, leading to the breakage of branches and occasionally snapping the stems of trees. In the CNMI, we rated epiphytic loading on trees as a summation of loading on the bole, branches, and canopy. We estimate that about 59 percent of the trees in the CNMI had few to no epiphytes, and 41 percent of the trees had moderate to high amounts of epiphytes (table 11) .
Forest Dynamics
Forest structure and species composition change through time as a result of forest succession and disturbance dynamics. The forests of the CNMI have been strongly 
